In the present study, 503 S. aureus isolates obtained from different sources in China from 2006 to 2011 [239 isolates from various patient tissue samples of three tertiary hospitals, 89 from animals (mainly pigs), 66 from environments or tools, 74 from retail food sources and 35 from raw cow's milk] were tested for the mecA gene, the SCCmec typing genes and the prevalence of 8 non-b-lactam resistance genes: aac(6¢)/aph(2¢¢), aph(3')-III, ant(4¢, 4¢¢), ermA, ermC, mrsA, tetM and tetK by published methods (Table 1) (Kondo et al., 2007; Duran et al., 2012) . Oxacillin susceptibility tests were performed by the disk diffusion method (Clinical and Laboratory Standards Institute, 2010) . In addition, 250 of the 503 isolates were further tested by MLST after SCCmec typing. The relationship between the resistant genes and their genetic background (MLST and MRSA clones) was also analysed (Enright et al., 2000) . Isolates were assigned to a sequence type (ST) by the MLST database (http:// saureus.mlst.net/). The program eBURST v3.0 was used to identify the diverse clonal complexes, and minimum-evolution (ME) trees were reconstructed from the concatenated sequences of each ST in MEGA5 (http://eburst.mlst.net).
Among the 503 isolates, 76.54 % harboured one or more resistance genes. The resistance genes detected most frequently were ermC, ant(4¢, 4¢¢), aac (6¢)/aph(2¢¢) and tetK. Approximately 80.75 % isolates obtained from humans harboured one or more genes, and 35.15 % harboured multi-drug resistant (MDR) genetic types; the most frequent genes were ermC, ant(4¢, 4¢¢), aac(6¢)/aph (2¢¢) and mecA; the gene ermA occurred only in human isolates. Approximately 73.03 % isolates obtained from animals harboured one or more genes; 31.46 % (28/89) harboured MDR genetic types, and the most frequent genes were aac (6¢)/aph(2¢¢), ant(4¢, 4¢¢), ermC and tetK. Approximately 71.21 % of the isolates obtained from various environments harboured one or more resistant genes; 4.55 % carried MDR genetic types, and the most frequent gene was ermC. Approximately 82.57 % of the foodborne strains obtained from raw milk and food harboured one or more genes; 11.01 % harboured MDR genetic types, and the most frequent genes were ermC and tetK (Table 1) . Overall, the proportions of the observed resistance genes in human isolates were higher than those in animal isolates ( 2 = 6.03, P < 0.05), whereas the proportions in both human and animal isolates were significantly higher than those in foodborne and environment isolates ( 2 = 74.34, P < 0.01). Some gene (s) or genetic types such as ermA exhibited host specificity.
Ninety-two resistance gene patterns were found in 385 isolates. Of the isolates, 127, 129, 49, 28, 23, 14, 13 and 2 isolates harboured 1, 2, 3, 4, 5, 6, 7 and 8 resistant gene(s), and formed 8, 21, 17, 18,14, 6, 7 and 1 genetic profile(s), respectively. On average, from 25.65 % (129/503) isolates harbouring MDR genetic types, the isolates obtained from humans (from 3 to 8 genes), animals (from 3 to 7 genes), the studied environments (from 3 to 4 genes), milk samples (from 3 to 4 genes) and foods (from 3 to 5 genes) accounted for 35.56 % (85/239), 31.46 % (28/89), 6.06 % (4/66), 17.14 % (6/35) and 8.11 % (6/74), respectively. Most MDR genetic patterns were detected mainly in animal and human isolates. These results indicate that the genetic patterns depended greatly on sources of isolates (Table S1 , available in the online Supplementary Material).
Out of the 503 isolates, 109 isolates were identified as MRSA based on resistance to cefoxitin and expression of the mecA gene (Clinical and Laboratory Standards Institute, 2010), including 46 hospitalacquired (HA)-MRSA (one SCCmec type I, 5 type II, 40 type III), and 63 communityassociated (CA)-MRSA (18 type IV, 45 type V) (David & Daum, 2010; Kondo et al., 2007) . The 46 HA-MRSA isolates obtained from humans carried 236 resistance genes, of which 93.48 % (43/46) isolates had MDR genetic types (from 3 to 8 genes). The 63 CA-MRSA isolates, including 1 MRSA-VI and 18 MRSA-V from humans, 3 MRSA-VI and 16 MRSA-V from animals (all from pigs), 9 MRSA-V from raw milk and 16 MRSA-V from environments, harboured 149 resistance genes, of which 28.57 % (18/63) isolates had MDR genetic types (from 3 to 7 genes). The total 394 methicillin-susceptible S. aureus (MSSA) isolates harboured 565 resistance genes, with 17.26 % (68/394) isolates harbouring MDR genetic types (from 3 to 7 genes) (Table S2) . Usually, HA-MRSA isolates carry non-b-lactam resistance genes, resulting in MDR, whereas CA-MRSA and MSSA isolates lack these genes only carrying the b-lactam gene (Naimi et al., 2003; David & Daum, 2010) . In this study, however, HA-MRSA, CA-MRSA and MSSA isolates all carried non-b-lactam resistance genes. In addition, nearly all HA-MRSA isolates carried MDR genes, and the non-b-lactam genes harboured most frequently were aac(6¢)/aph(2¢¢), tetM, ermA and tetK. Only 28.57 % of the CA-MRSA (all obtained from animals or humans) and 17.26 % of the MSSA isolates (mostly obtained from animals or humans) carried MDR genes. The most frequent genes observed in the CA-MRSA isolates and in the MSSA isolates were ermC, ant(4¢, 4¢¢) and aac(6¢)/aph(2¢¢). The proportion of the non-b-lactam resistance genes in HA-MRSA isolates was significantly higher than those in CA-MRSA isolates ( 2 = 117.48, P < 0.01) and than those in MSSA isolates ( 2 = 222.19, P < 0.01), but the proportions were similar between the CA-MRSA and MSSA isolates ( 2 = 0.22, P > 0.05). In the present study, HA-MRSA isolates obtained resistance genes more easily under nosocomial environments, whereas some CA-MRSA and MSSA isolates might also have obtained resistance genes through horizontal gene transfer resulting from excessive antibiotic use. Therefore, we speculate that some new characteristics caused the transmission of resistance genes.
Fifty-two STs were identified by MLST. These 52 STs were divided into 7 CCs and 5 doublets (Ds), and were identified in 250 isolates based on eBURST v3.0 and MEGA5 (Table S3 , Fig. S1 ) (Enright et al., 2002) . Results showed that CC239, CC630, CC9, CC5, CC1920 and CC398 were the major CCs. In CC239, the 33 isolates including 29 HA-MRSA isolates from humans harboured 194 genes, which formed 16 genetic profiles. In CC630, 48 isolates including 29 CA-MRSA isolates obtained from different sources harboured 81 genes that formed 18 genetic patterns. In CC9, all 27 isolates obtained from pigs, including 18 CA-MRSA isolates, harboured 84 genes that formed 14 genetic patterns. In CC398, 16 isolates harboured 24 genes that formed 12 genetic patterns. In CC5, 22 isolates harboured 32 genes that formed 11 genetic patterns. In CC1920, 33 isolates harboured 45 genes that formed 14 genetic patterns (Table S3) . Notably in CC239, which is an important Asian HA-MRSA-III CC found in humans (David & Daum, 2010) , most isolates (including MSSA isolates) harboured MDR genes, and the proportions of the various non-b-lactam resistance genes was similar between MSSA and MRSA isolates ( 2 = 0.61, P > 0.05) in this CC. The proportions of the various resistance genes in CC239 were significantly higher than those in any other CCs ( 2 = 249.83, P < 0.01). The prevalence of resistance genes in CC630, CC1920, CC398 and CC5 were similarly low ( 2 = 0.59, P > 0.05). Importantly, CC630 is a new and important CA-MRSA CC that circulates among humans, animals, and their environments (Chao et al., 2014) , and little difference was found between the proportions of the various resistance genes in MSSA and CA-MRSA isolates ( 2 = 1.63, P > 0.05) in this CC. A few resistance genes were found in the MSSA CC, CC1920. It appears contradictory that CC1920 is closely related to SCCmec elements for carrying an SE gene, seh (Noto & Archer, 2006) , but no SCCmec elements were identified in this CC. The proportions of various resistance genes in CC9, a CA-MRSA CC from pigs, and in ST2316 and ST2317 (both from pigs) were significantly higher than those found in CC630, CC398, CC1920, CC7 and CC5 ( 2 = 10.25, P < 0.01), and over half of the isolates in CC9, ST2316 and ST2317 contained MDR genes. Interestingly in CC9, the proportions of the various non-b-lactam resistance genes in MSSA isolates were significantly higher than those in CA-MRSA isolates ( 2 = 7.95, P < 0.01), and most MSSA isolates were MDR isolates. CC398, a (David & Daum, 2010; Chao et al., 2014) . Based on these results, we conclude that some CCs or ST clones (such as CC239 and CC9) were closely related to the resistance genes or genetic types (b-lactam and non-b-lactam). These data suggest that these clones might have a special molecular structure or pathway that favors a given resistance gene(s) or genetic type(s). Some non-b-lactam resistance genes might have been present in isolates of these CCs or ST clones before these clones acquired b-lactam resistance genes or vice versa. This might explain why some CA-MRSA and MSSA isolates also harboured non-b-lactam genes.
In conclusion, the observed genetic patterns differed greatly among isolates from different sources. Some gene(s) or genetic types exhibited host specificity. Not only HA-MRSA but also CA-MRSA and MSSA isolates carried non-b-lactam resistance genes. Resistance genes were associated with the clonal background and were mainly present in some CCs or ST clones. These clones might present a favourable molecular structure or pathway for these genes. Some non-b-lactam resistance genes existed in isolates of particular CCs or ST clones before these isolates acquired b-lactam resistance genes or vice versa.
